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Unless otherwise stated, all content in this document is copyright (Copyright © 2009 University of Strathclyde and Copyright © 2009 University of Glasgow). 

All rights are expressly reserved with the exception that a non-exclusive perpetual licence is granted to access, print, copy and use, without adaptation, the content 
available in this document for educational non-commercial activities only. Any content accessed, printed and copied must be accompanied by an acknowledgment of 
copyright.

It is forbidden to alter or adapt the content of the materials without the express permission of The University of Strathclyde and The University of Glasgow. This is to 
prevent inaccurate, misleading or inappropriate legal information being associated with either University.

It is forbidden to sell, license, copy or reproduce the contents of this document in whole or in part, in any manner, for commercial purposes, without the prior written 
consent of The University of Strathclyde and The University of Glasgow.

For further information or for queries please contact Research and Innovation at The University of Strathclyde, 50 George St, Glasgow, G1 1QE (www.strath.ac.uk/ri) 
or email rcs.reception@strath.ac.uk.

Also included: 

1. Pupil Guide

2. Flash Files

collision – pupil •	

collision – teacher•	

horizontal projectile – pupil•	

horizontal projectile – teacher•	

projectile at an angle – pupil•	

projectile at an angle – teacher•	

slope – pupil•	

slope – teacher •	

vectors – pupil•	

vectors – teacher•	
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Introduction
The materials in this pack form one of a series of units which 
promote the teaching and learning of engineering in the 
secondary school curriculum.

The project was developed for use within the mechanics section 
of the SQA Higher Physics course to improve pupil motivation, 
and in response to a natural interest in the Wii by some pupils.  
The module was developed by a school-university partnership 
involving St. Aloysius’ College, Glasgow (James Cluckie) and 
the University of Strathclyde Department of Electronic and 
Electrical Engineering (Victoria Catterson and Gordon Jahn).

This school-university partnership was one of a number 
of collaborative networks of school and university staff in 
Electrical and Electronic Engineering (EEE) created by the 
Engineering the Future project.  These enabled staff and 
students from schools and universities to work together to 
create exciting and innovative programmes for school pupils, 
supported by world leading engineering research groups. These 
materials have already been trialled successfully in secondary 
schools across Scotland. 

In the words of pupils involved: ‘It’s more fun, so you want to 
know more about physics.’ – ‘A lot of work: challenging but 
you’ve accomplished something, it ‘clicks’ and you remember it.’ 
– ‘… instead of being told step by step what to do you get to vary 
it yourself.’ – ‘…it just made you feel really smart once you’d 
done it.’

Engineering the Future is a 3-year project funded by a major 
grant from the UK Engineering and Physical Sciences Research 
Council (EPSRC) which is running from October 2006 to early 
2010.  It involves staff from the Department of Electronic and 
Electrical Engineering in the University of Strathclyde and 
from the Departments of Electronics and Electrical Engineering 
and of Educational Studies in the University of Glasgow and 
science teachers in some 20 secondary schools in 9 education 
authorities in Scotland and in 2 independent schools.  The 
financial support afforded to the project by EPSRC is gratefully 
acknowledged as are the advice and encouragement provided by 
EPSRC and by the Universities of Strathclyde and of Glasgow.

Engineering the Future was planned in response to the general 
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recognition that engineering in this country, in particular 
electrical/electronic engineering, faces serious challenges. 
The number of young people taking up university engineering 
courses is low and becoming lower.  Many young people – 
including ambitious high achievers – have very limited or 
distorted ideas about what engineering involves. In particular, 
they do not associate a creative, inventive, problem-solving and 
entrepreneurial approach to life and work with their science 
and mathematics work – an approach essential for equipping 
individuals with the skills necessary to meet the needs of today 
and the demands of tomorrow.  

This is not a matter of academic interest.  Engineers use science 
and mathematics, in conjunction with the tools of technology, 
to create new systems, infrastructures, devices, products and 
commodities for the overall benefit of society. 
 
There is an urgent economic need to embed and highlight 
engineering in the school curriculum. Engineering, the 
application of scientific and mathematical knowledge to 
practical issues, needs and problems, is fundamental to the 
creation of new technologies and sustainable industries. 
Engineering requires and supports the development of high 
levels of scientific and mathematical competence in the 
service of useful design, creativity, innovative thinking and 
problem-solving.  It requires and fosters the confidence, 
drive, determination to succeed, teamwork and business 
acumen necessary to promote economic enterprise.  There is 
an economic need for a larger number of engineers, high level 
engineering graduates and very capable technician engineers, 
with such skills to build a strong indigenous high-tech economic base.

We hope that you find these materials useful.  
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Teacher Guide
Outline of engineering activity
Pupils are introduced to some of the ideas of mechanics at the 
level of SQA Higher Physics by considering the physics which 
a software engineer would need to implement to make the 
Nintendo Wii-Sports game realistic. This sets a context for their 
learning and provides enhanced motivation. Pupils will also be 
provided with a number of software templates where they can 
insert the physics to control the realistic motion of a golf ball or 
similar object.

Each of these activities could be run individually at an 
appropriate point in the teaching of the Higher Physics course, 
Alternatively a project engineering approach could be taken 
whereby pupils could be split into teams to investigate each part 
cooperatively before feeding back to the wider class.

Some aspects of these activities could also be used with 
Intermediate 2 Physics students.

Background
The pupils are familiar with games consoles which realistically 
model the physics of sports but often think that this just 
happens ‘naturally’. They are often not aware that knowledge of 
physics is important to software engineers. Indeed the software 
behind most games will have a separate ‘physics engine’ in 
which real physics is simulated. Software houses often have 
software engineers who deal specifically with the physics, if this 
has not been out-sourced.

To start with pupils are given a chance to play the Wii; as they 
do so, they are asked to make a note of what physics they think 
is involved. This can generally be classified under two headings: 
hardware and software. This project concentrates on the latter. 
The Wii was chosen for its ease of use and wide appeal. Wii 
Sports currently comes free with the console and includes 
enough physics at a level which is easy to access. Other games 
consoles, PC or online games could be similarly used.



Wiii Sports UnitEngineering Activity Teacher Guide

7Engineering the Future

Engineering and learning 
principles
In these activities pupils take on the role of a software engineer 
and use their physics knowledge to make simple software 
programs behave in a correct physical manner. They will be 
presented with various software templates in which they can 
insert the physics parameters to control the realistic motion of a 
golf ball or similar object.

These resources can be used in various ways: 

The Wii could simply be used as a context in which the •	
normal teaching programme would take place.

At the next level, each of these activities could be run •	
individually at an appropriate point in your normal teaching 
of the Higher Physics course.

Lastly, a project engineering approach could be taken •	
whereby pupils could be split into teams to investigate each 
part cooperatively before feeding back to the wider class. In 
this case the cooperative learning principles and the thinking 
skills involved in performing their own learning would come 
to the fore.

In any of these scenarios it is envisaged that further 
consolidation work would take place using the resources 
normally available. 
 

Learning outcomes
Note: Relevant SQA Higher Physics Content Statements are 
identified in brackets.

Appreciate that physics is an important part of software 1.	
engineering in order to make games more realistic.

Find the resultant of two velocity vectors and use this to plot 2.	
the motion of an object (1.1.4).

State that the motion of a projectile can be analysed in terms 3.	
of its horizontal and vertical motion and that these are 
independent of each other.

Use equations of motion to plot the motion of a horizontally 4.	
projected object (1.2.6).

Use equations of motion to plot the motion of an object 5.	
projected at an angle (1.2.6).

Find the resultant force (acceleration) acting on an object on 6.	
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a slope and use this to plot the motion of an object (1.1.5-7, 
1.2.6).

Use conservation of momentum to calculate the speed and 7.	
plot the motion of an object after a collision (1.4.5).

Curricular links
SQA Higher Physics (see learning outcomes above) •	

Cooperation with the ICT department to support the •	
production of the Flash template files included.  

Further cooperation with ICT could allow the pupils to work •	
from scratch rather than within the confines of a template.

Structure and timing
Depending on the model of adoption there are various possibilities:

 
 
 
 
Key resources

A Nintendo Wii•	

Hovercraft or Ballistics Cart•	

Projectiles Apparatus•	

Flash Programming Environment (your ICT Department •	
may already have a licence for this)

Access to computers•	

Model of  
Adoption

Time

Context setting

½ period

Run individually 
at the appropriate 
points in the 
course

½ period at each 
point (3½ in total)

5 project groups 
run in parallel

2-3 periods
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Activity 1
Introducing the topic
Preparation
Familiarise yourself with the Nintendo Wii. (Go on – you can 
call it CPD!)

Time Required
Half a period

Procedure
Give as many pupils as possible a chance to play with the 1.	
Wii. While they are not playing they are asked to make a 
note of what physics they think is involved.

Categorise their answers under the headings software and 2.	
hardware. Discussion of what these headings mean may be 
necessary and pupils may need prompting to consider what 
they are seeing on the screen (software) as well as what they 
can see in front of them (hardware).
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Activity 2
Vectors In Golf
The pupils investigate the physics behind resultant velocity 
of a golf ball in the wind. They then implement this in a 
software engineering environment (Flash) where most of the 
programming has been done but some physics has to be added 
to make sure a simple simulation works correctly.

Time Required
One period for this activity. Most pupils would also need further 
practice at appropriate tutorial questions.

Resources required
Access to Flash programming environment on appropriate 1.	
computers.

Flash files Vectors (Pupil) and Vectors (Teacher). The 2.	
teacher versions contain a working solution. The pupil 
versions contain the necessary software framework but with 
the physics removed. The pupils will be expected to add this 
back in.

Preparation
The pupils will need whatever materials you would normally 
use for teaching vectors. They will also need access to their own 
copy of the flash file Vectors (Pupil).

Procedure
Having seen the golf game in the introduction the pupils will be 
asked to consider the effect of wind on the motion of the ball. 
They will be expected to find out about this using the resources 
normally available. They then implement the physics in their 
own copy of the flash file Vectors (Pupil).
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Activity   3
Projectiles In Tennis
The pupils investigate the physics behind the motion of a 
tennis ball. They then implement this in a software engineering 
environment (Flash) where most of the programming has been 
done but some physics has to be added to make sure a simple 
simulation works correctly.  There are two experiments within 
this activity

Resources required
Projectiles apparatus.1.	

Either a hovercraft or ballistics cart.2.	

Time Required
Half a period.

Preparation
The pupils will need whatever materials you would normally 
use for teaching projectiles. In addition you can either use the 
enclosed handout or incorporate it into your own notes.

Procedure
Having seen the tennis game in the introduction the pupils 
will be asked to investigate the motion of a projectile. Two 
simple experiments are carried out to investigate the impact of 
horizontal motion on vertical motion and vice versa. The pupils 
are asked to come to a conclusion based on this. 
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Experiment 3.1: Horizontal 
Projection

Resources required
Access to Flash programming environment on appropriate 1.	
computers.

Flash files: Horizontal Projectile (Pupil) and Horizontal 2.	
Projectile (Teacher). The teacher versions contain a working 
solution. The pupil versions contain the necessary software 
framework but with the physics removed. The pupils will be 
expected to add this back in.

Preparation
The pupils will need whatever materials you would normally use 
for teaching projectiles.

Time Required
One period for this activity. Most pupils would also need further 
practice with appropriate tutorial questions.

Procedure
Having seen the tennis game in the introduction the pupils will 
be asked to consider the motion of a ball which is horizontally 
projected. They will be expected to find out about this using the 
resources normally available. They then implement this physics 
in their own copy of the flash file Horizontal Projectile (Pupil). 

Experiment 3.2: Projection at an 
Angle

Preparation
The pupils will need whatever materials you would normally use 
for teaching projectiles.

Resources required
Access to Flash programming environment on appropriate 1.	
computers.
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Flash files: Projectile at an Angle (Pupil) and Projectile at 2.	
an Angle (Teacher). The teacher versions contain a working 
solution. The pupil versions contain the necessary software 
framework but with the physics removed. The pupils will be 
expected to add this back in.

Time Required
One period for this activity. Most pupils would also need further 
practice with appropriate tutorial questions.

Procedure
Having seen the tennis game in the introduction the pupils will 
be asked to consider the motion of a ball which is projected at 
an angle. They will be expected to find out about this using the 
resources normally available. They then implement the physics 
in their own copy of the flash file Projectile at an Angle (Pupil). 
 
Experiment 3.2: Projection at an 
Angle

Preparation
The pupils will need whatever materials you would normally use 
for teaching projectiles.

Resources required
Access to Flash programming environment on appropriate 1.	
computers.

Flash files: Projectile at an Angle (Pupil) and Projectile at 2.	
an Angle (Teacher). The teacher versions contain a working 
solution. The pupil versions contain the necessary software 
framework but with the physics removed. The pupils will be 
expected to add this back in.

Time Required
One period for this activity. Most pupils would also need further 
practice with appropriate tutorial questions.

Procedure
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Having seen the tennis game in the introduction the pupils will 
be asked to consider the motion of a ball which is projected at 
an angle. They will be expected to find out about this using the 
resources normally available. They then implement the physics 
in their own copy of the flash file Projectile at an Angle (Pupil).
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Activity   4
Objects on a Slope 
(Putting)
The pupils investigate the physics behind the resultant force 
(and therefore acceleration) of a golf ball on a slope. They then 
implement this in a software engineering environment (Flash) 
where most of the programming has been done but some 
physics has to be added to make sure a simple simulation works 
correctly.

Time Required
One period for this activity. Most pupils would also need further 
practice with appropriate tutorial questions.

Resources required
Access to Flash programming environment on appropriate 1.	
computers.

Flash files Slope (Pupil) and Slope (Teacher). The teacher 2.	
versions contain a working solution. The pupil versions 
contain the necessary software framework but with the 
physics removed. The pupils will be expected to add this 
back in.

Preparation
The pupils will need whatever materials you would normally 
use for teaching vectors. They will also need access to their own 
copy of the flash file Slope (Pupil).

Procedure
Having seen the golf game in the introduction the pupils will be 
asked to consider the effect of a slope on the motion of the ball. 
They will be expected to find out about this using the resources 
normally available. They then implement the physics in their 
own copy of the flash file Slope (Pupil).
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Activity   5
Collisions (Bowling)
The pupils investigate the physics behind collisions. They then 
implement this in a software engineering environment (Flash) 
where most of the programming has been done but some 
physics has to be added to make sure a simple simulation works 
correctly.

Time Required
One period for this activity. Most pupils would also need further 
practice with appropriate tutorial questions.

Resources required
 Access to Flash programming environment on appropriate 1.	
computers.

Flash files Collision (Pupil) and Collision (Teacher). The 2.	
teacher versions contain a working solution. The pupil 
versions contain the necessary software framework but with 
the physics removed. The pupils will be expected to add this 
back in.

Preparation
The pupils will need whatever materials you would normally use 
for teaching collisions. They will also need access to their own 
copy of the flash file Collisions (Pupil).

Procedure
Having seen the bowling game in the introduction the pupils 
will be asked to consider the physics of collisions. They will be 
expected to find out about this using the resources normally 
available. They then implement the physics in their own copy of 
the flash file Collisions (Pupil).


